Pharmaceutical
Measurement System

Measurement is the basic knowledge of all fechnical operations
in pharmaceutical sector. Pharmacy students must be aware
of different pharmaceutical measurement systems. They must
also know the measurement of weights and volumes in different
measurement systems.

Three measurement systems are well known in pharmaceutical
sector and commonly used worldwide. These systems are:

i. Metric system
ii. Apothecaries system
iii. Avoirdupois system

METRIC SYSTEM

The idea of adopting a standard scientific measurement system
was suggested by a number of scientists during seventeenth-
century such as French astronomer Jean Picard, Scottish
inventor James Watt. The metric system was formulated during
late eighteen century in French. United States legalized use of
metric system in 1866. United States of Pharmacopoeia, 1890,
adopted the metric system of weights and measures. British
Pharmacopoeia, 1914, adopted the metric system of weights and
measures. Due to simplicity and adaptability, metric system is
the most widely used popular measurement system. The
present standards of metric system are defined in publications
of the National Institute of Standards and Technology (NIST).
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FRACTION AND MULTIPLE PREFIXES

Pharmaceutical calculation frequently includes very small
quantity of length, weight, time, and volume or radioactivity
measurement. Expression of these small quantities involves use
of numbers with many zeros. This expression may lead to error
in calculation. To avoid this, NIST recognizes prefixes to express

fractions or multiples of SI units.

IELICRA M Prefix and symbol

Multiple  Prefix ~ Symbol Submultiple Prefix Symbol

10% yotta Y 101 deci d

102 zetta Z 102 centi c

108 Exa E 107 milli m

10 peta P 107 micro n

1012 tera T 10°° nano n

10° giga G 10712 pico P

10° mega M a8 femto f

10° kilo k e atto a

10? hecto h 1072 zepto z

10 deca da 10 yocto y
Prefix and factor

Power Factor prefix

1018 1000000000000000000 exa

10 1000000000000000 peta

10*2 1000000000000 tera

10° 1000000000 giga

106 1000000 mega

103 1000 kilo

10? 100 hecto

10 10 deca

10° 1 =

107t 0.1 deci

1072 0.01 centi

1073 0.001 milli

10-° 0.000001 micro

10~ 0.000000001 nano

1012 0.000000000001 pico

10715 0.000000000000001 femto

1 0.000000000000000001 atto
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IELI RN Metric weight measurement

Weight in different units Symbol Weight in gram
1 nanogram ng 10°g

1 microgram ng 10°g

1 milligram mg 1023 g

1 centrigram cg 102g

1 decigram dg 10! g

1 gram g lg

1 dekagram dag 10g

1 hectogram hg 10°g

1 kilogram kg 10%g

G Metric volume measurement

Volume in different units Symbol Volume in litre
1 kilolitre kL 10°L

1 hectolitre hL 10°L

1 dekalitre daL 10L

1 litre L 1L

1 decilitre dL 10'L

1 centilitre cL 102L

1 millilitre mL 10° L

1 microlitre puL 10°L

IELICRECN Metric linear measurement

Length in different units Symbol Length in metre
1 kilometre km 10°m

1 hectometre hm 10°m

1 dekametre dam 10 m

1 metre m Im

1 decimetre dm 10'm

1 centimetre cm 102 m

1 millimetre mm 10° m

1 micrometre pm 10°m

1 nanometre nm 107 m

Metric system consists of three variants. These variants are:
1. Centimetre-gram-second system (CGS)
2. Metre-kilogram-second system (MKS)
3. Metre-tonne-second system (MTS)
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International System of Units, SI was established by General
Conference on Weights and Measures (CGPM). SI units are
defined by CGPM. It is an extension of MKS system. The base
quantities used in SI are mass, time, length, electric current,
thermodynamic temperature, amount of substance and

luminous intensity.

IELICR NG Base quantities and base units used in Si

Base quantity Symbol Symbol for Unit Symbol
for quantity  dimension name for unit
Length Lxr IL, metre m
Mass M M kilogram kg
Time, duration T T second S
Electric current Li I ampere A
Thermodynamic T Q) kelvin K
temperature
Amount of substance N N mole mol
Luminous intensity I, J candela cd

IELIERIA Few non-Sl units accepted for use with Sl units

Quantity Name of unit  Symbol for unit Values in SI unit

Mass tonne T 10°kg

Volume litre L1 103 m°

Area hectare ha 10* m?

Plane angle degree ° 1° = (m/180) rad
minute ! 1’ = (r/10800) rad
second " 1”7 = (1/648000) rad

Time minute min 60s
hour h 3600 s

day 86400

DEFINITION OF BASE UNITS (AS GIVEN BY BIPM, 2008)

1. Unit of length (metre): The metre is the length of the path
travelled by light in vacuum during a time interval of

1/299792458 of a second.

2. Unit of mass (kilogram): The kilogram is the unit of mass; it is
equal to the mass of the international prototype of the

kilogram.
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3. Unit of time (second): The second is the duration of
9192631770 periods of the radiation corresponding to
the transition between the two hyperfine levels of
the ground state of the caesium 133 atom. This
definition refers to a caesium atom at rest at a temperature
of 0°K.

4. Unit of electric current (ampere): The ampere is that constant
current which, if maintained in two straight parallel
conductors of infinite length, of negligible circular
cross-section, and placed 1 metre apart in vacuum,
would produce between these conductors a force equal to
2 x 10”7 newton per metre of length.

5. Unit of thermodynamic temperature (kelvin): The kelvin, unit
of thermodynamic temperature, is the fraction 1/273.16 of
the thermodynamic temperature of the triple point of
water. This definition refers to water having the isotopic
composition defined exactly by the following amount of
substance ratios: 0.00015576 mole of ?H per mole of 'H,
0.0003799 mole of 7O per mole of *O, and 0.0020052 mole
of 180 per mole of O.

6. Unit of amount of substance (mole): The mole is the amount of
substance of a system which contains as many elementary
entities as there are atoms in 0.012 kilogram of carbon 12;
its symbol is “mol”. When the mole is used, the elementary
entities should be specified which may be atoms, molecules,
ions, electrons, other particles, or specified groups of such
particles.

7. Unit of luminous intensity (candela): Candela is the unit of
luminous intensity, in a given direction, of a source that
emits monochromatic radiation of frequency 540 x 1012 hz
and that has a radiant intensity in that direction of
1/683 watt per steradian.

RULES AND STYLE CONVENTIONS FOR USING SI UNITS

1. Typeface: Unit symbols should be printed in roman
(upright) type.
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2. Capitalization: Unit symbols are written in lower case letters.

Exceptions are:

a. The unit symbol or first letter of the unit symbol is an
upper-case letter when its name is derived from the
name of the scientist

b. In case of symbol for litre, L is also used.

3. Plurals: Unit symbols should be used as per the given rule.
It must be unaltered in plural.

Example: Length = 50 cm (correct)
Length = 50 cms (incorrect)

4. Punctuation: Unit symbols must not followed by period
unless at the end of the complete sentence.

Example: This scale is 50 cm long. (correct)

This scale is 50 cm. long. (incorrect)

5. Multiplication of symbols: Symbols for units which are
formed by multiplication of other units should be expressed
by indicating the multiplication with a half high dot or
space.

Example:

m -s™'or m s7! (It means metre per second)
ms™ (It is the symbol for reciprocal of millisecond)
6. Division of symbols: Symbols for units which are formed by
division of other units can be expressed in the following
ways:

e m/s,™ or m-s™' (correct)
S

* m/s? or m - s (correct)
m/s/s (incorrect)
e m-kg/(s’- A) ormkg-s?. Al (correct)
m - kg/s?/ A (incorrect)
7. Unit name and unit symbol: Unit name and unit symbol
should not be used together.
Example: C/kg or coulomb per kilogram (correct)
Coulomb/kg, coulomb per kg, C/kilogram, coulomb kg™,
C per kg, coulomb /kilogram (incorrect)
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8. Abbreviation of units: Abbreviation should not be used for
unit symbols or unit name. Some of them are:

Unit name Unit symbol Abbreviations (should not be used)
Second s sec

Square millimetre mm? mm

Hours h hrs

Minutes min mins

Litre L lit

Atomic mass unit u amu

RULES AND STYLE CONVENTIONS FOR USING SI PREFIXES

1. Typeface: Prefix should be attached to unit symbol without
a space. Prefix name and nit symbol should be printed in
roman (upright) type.

Example: pm (picometre), THz (tetrahertz)

2. Capitalization: The prefix symbol should be written in upper

case letter for Y (yotta), Z (zetta), E (exa), P (peta), T (tera),

G (giga), and M (mega) and for others in lower case letter
as given in Table 1.1.

3. Inseparability of prefix and unit: Prefix name and unit name is
separable in the case where they are attached together. Such
as nm (nanometre), but it should not be written as mpum
(millimicrometre).

4. Use of multiple prefixes: When prefix symbols are present in
both numerator and denominator, it is better express
only one of the symbols with prefix to avoid confusion.

Example: 10 MV . ms is acceptable but 10 kV . s is more
preferable.

5. Prefix symbol should not be used alone.
Example: 6 x 10'2/m? (correct)
6 T/m? (incorrect)

6. Prefix symbols should not be used with angle related
symbols and time related symbols to avoid confusion.
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RULES FOR EXPRESSING VALUES FOR QUANTITIES

1. The product of a number and unit is called value of a
quantity and the number multiplying the unit is known as
numerical value for the quantity.

2. A space is left between numerical value and unit symbol in
the expression of value of a quantity.

Example: T = 50°C (correct) T = 50 °C or 50 °C (incorrect)
3. The value of a quantity can be expressed using only one
unit.
Length = 5.196 m (correct)
Length = 5m 19 cm 6 mm (incorrect)
4. Information must not be attached to unit.
Example: V.. =500V (correct)
V =500 V. (should not be used)
5. Information should not be mixed with units.
Example:
a. Al content 10 ng/L (correct)
10 ng Al/L or 10 ng of aluminum/L (incorrect)
b. Electron emission rate is 2 x 10'%/s (correct)
Emission rate is 2 x 10'® e/s (incorrect)
c. The number density of He atoms is 5 x 10%*/cm?
(correct)
The number density is 5 x 10* He atoms/ cm? (correct)

6. Symbol for number and units should be used.

7. Symbols, numbers and units should be used instead spelled
out names for numbers and units.

Length of the tube is 10 cm (correct)
Length of the tube is ten centimetre (should not be used)

8. Clarity in writing:

25 cm x 25 ¢cm x 25 ¢m (correct)

25 x 25 x 25 cm (incorrect)

200 nm to 400 nm or (200 to 400) nm (correct)
200 to 400 nm or 200400 nm (incorrect)

25.1 cm + 0.5 cm or (25.1 + 0.5) cm (correct)
25.1 £ 0.5 cm or 25.1 cm =+ 0.5 (incorrect)
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9. Stand-alone unit symbol should not be used.
Without numerical values or quantity symbols, symbols for
units should not be used.
There are 10° ml in 1 L (correct)
There are many ml in a L (unacceptable)
10. Selection of SI prefixes:
Selection of SI prefixes depends on several factors. These
factors include
a. Numerical value should be easily understood
b. Indication of digits of a numerical value which are
significant
c. Practice in the particular field of science and technology
Prefix symbols should be selected in such a way that
numerical values lies between 0.1 and 1000, and prefix
symbols should represent the number 10 raised to a power
of multiple of 3.
Example: 4.9 x 10 g may be written as 49 x 10°g =49 ng
11. Use of percentage symbol:
A space should be left between the symbol % and numerical
value.
Example:
X, =0.0031 = 3.1 % (correct)
XA =0.0031 = 3.1% or 0.25 percent (incorrect)
X — Quantity symbol (amount of substance fraction of A)
12 ppm, ppb and ppt symbols are not acceptable in SI system.
13. Roman numerals should not be used to express numerical
values. Such one must not use M as substitutes for 10°.
14.“Divided by” or “per” rather than the words “per unit”
should be used in case of derived units which are formed
by division of other units.
Example: Pressure is force divided by area or pressure is
force per area (correct)
Pressure is force per unit area (incorrect)
15.While reporting the value of a quantity, one must
distinguish between a substance and an attribute which is
ascribed to the substance. Such as a surface and its area, an
object and its mass.
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Note: Rules related to expression of SI units recommended
by NIST are generally followed; however, deviations are also
observed. For example: In official pharmacopoeia

i. Dose of a drug is expressed as 2—4 mg or 2 to 4 mg.

ii. While using % symbol, in official pharmacopoeias, % w/w
or % v /v is written.

These are two examples of deviation from the suggestions
of NIST. The deviations are also found to be discipline specific,
hence, similar examples may be observed in other disciplines
also.

Example: An object of mass 15 kg, loaded into the granulator.

IELICRE:E Greek alphabet in Roman

Greek alphabet Roman type
character Upper case letter Lower case letter
Alpha
Beta
Gamma
Delta
Epsilon
Zeta
Eta
Theta
Iota
Kappa
Lambda

Omicron
Pi

Rho
Sigma
Tau
Upsilon
Phi

Chi

Psi
Omega

Z

=
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APOTHECARIES’ SYSTEM OF MEASUREMENT

Apothecary system is used for compounding and dispensing
of drugs. This system originates from troy weight system.
London College of Physicians, adopted troy weight in 1618 on
recommendation of Sir Theodore Turquet de la Mayerne,
compiler of their first pharmacopoiea. All apothecaries under
British customs have started buying and selling of medicines
under avoirdupois system and compounding them by apothecary
system. In spite of increasing popularity of metric system, other

systems are still prevelant.

IELIR KR Apothecaries’ weight measurement

Pound (Ib) Ounce (3) Drachm (3)  Scurple (3) Grain (gr.)
1 12 96 288 5760
1 8 24 480
1 3 60
1 20
Apothecaries’ fluid measurement
Gallon Quart  Pint Fluid ounce Fluidrachm Minim
(gal.)  (qt.) (pt.) (3) (13) (m)
1 4 8 128 1024 61440
1 2 32 256 3840
1 16 128 7680
1 8 480
1 60
AVOIRDUPOIS

Avoirdupois is a measurement which has been used for buying

and selling medicines.

IELICRBAN Avoirdupois weight measurement system

Pound (Ib) Ounce (0z.) Grain (gr.)

1 16 7000
1 437.5
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IELICR PR Imperial measurement of liquid (British)

Gallon Pint Fluid ounce Fluidrachm Minim
1 8 160 1280 76800
1 20 160 9600
1 8 480
1 60

PRACTICAL EQUIVALENTS

Equivalents of linear measure
1 metre = 39.4 inches
1 inch = 2.54 cm

Equivalents of liquid measure ~ Equivalents of weight measure

(Apothecary) 1 grain (avoirdupois)
1 ml = 16.23 minims =0.065¢g
1 minim = 0.0616 ml 1 g =15.432 grain
1 fluidrachm = 3.96 ml 1 1b (avoirdupois) = 454 g
1 fluid ounce = 29.57 ml 1 Ib (apothecary) =373.2 g
1 pint = 473 ml 1 ounce (apothecary)
1 gallon = 3785 ml =3l1lg

1 gallon = 128 fluid ounces
1 fluid ounce (water)

= 455 grain
Conver_sion of hou_sehold measurement to
approximate metric measures

Household measurement — Apothecary notation Metric volume
1 teaspoonful f3i 4 ml

1 dessertspoonful f3ii 8 ml

1 tablespoonful f3ss 15 ml

1 wineglassful f3ii 60 ml

1 teacupful f3iv 120 ml

1 tumblerful f3viii 240 ml
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SMALLEST WEIGHABLE QUANTITY

Sensitivity of balances plays an important role in weighing. If
a balance has sensitivity requirement of 5 mg, then maximum
potential error is +4 mg.

Percentage of error can be defined as

Error x 100%

Percentage of error = - -
Quantity desired

Therefore, more amount of weighed quantity means low
percentage of error.

To find out the minimum weighable quantity, we must know
maximum permissible percentage of error and sensitivity
requirement of the balance. United States of Pharmacopoeia
allows 5 percent error.

Maximum potential error
or sensitvity requirement x 100

Minimum weighable = —
Permissible percentage of error



